In the following we make use of this approximation, i.e., we assume a single reaction governed by a rate constant k.
Because the reactant concentrations are low, the density changes are neglected and the fluid motion is assumed to be unaffected by the chemical reaction. The experiments cited above show that the sequence of events by which parcels of fluid from the two streams reach the molecularly mixed state begin when the fluid elements are entrained into the shear layer by large scale coherent motions. The parcels a r e distributed across the layer and are entangled (using Roshko's term) by vortical motions in large scale structures. This motion, molecular mixing, and chemical reaction are governed by the equations, in non-dimensional form:
* Re = AU 6/v, a is t h e mole f r a c t i o n and wi t h e dimensionless chemical r e a c t i o n term. Here Au is t h e v e l o c i t y d i f f e r e n c e (ul -u2) and 6 t h e l o c a l l a y e r t h i c k n e s s .
W e t a k e the Schmidt number, Sc, t o be of o r d e r u n i t y o r l a r g e r and the Reynolds number, Re, t o be l a r g e .
I t is c o n v e n t i o n a l , and presumably j u s t i f i a b l e , a t l a r g e Re t o i g n o r e t h e effects o f t h e viscous terms i n Eq. ( 7 ) on t h e motion. For t h e molecular mixing, however, the d i f f u s i o n term is e s s e n t i a l . I n view of , the n a t u r e of Eq. (a), e s p e c i a l l y i n t h e l i m i t Re + -, i t seems p l a u s i b l e t h a t t h i n d i f f u s i v e l a y e r s , boundary l a y e r s i n t h e mathematical s e n s e , would form between f l u i d from t h e two streams and t h a t t h e i r t h i c k n e s s , R, would be of t h e o r d e r 6/(Sc ~e ) l /~. I n t h e model, t h e s e l a y e r s a r e r e p r e s e n t e d by t h e s o l u t i o n s f o r t h e laminar d i f f u s i o n zones formed i n s t a g n a t i o n p o i n t flows, c o n v e n t i o n a l l y c a l l e d s t r a i n e d flames.
I t is argued next t h a t a s a s t r u c t u r e moves downstream, t h e laminar mixing l a y e r s a r e lengthened and f u r t h e r i n t e r t w i n e d a3 ever s m a l l e r s c a l e s a r e generated. This (Lagrangian) motion is taken t o b e a Kolmogorov-like cascade t o Xg, t h e Kolmogorov s c a l e . When t h e f l u c t u a t i o n s reach t h i s scale, t h e l a y e r s merge.
(During t h i s motion, t h e s t r u c t u r e s are d i s t o r t e d and may i n t e r m i n g l e , s o t h a t when t h e l a y e r s merge they do n o t n e c e s s a r i l y form l a r g e , d i s t i n g u i s h a b l e r e g i o n s i n t h e c o r e s a s F i g . 5 i n Ref. 2 may u n f o r t u n a t e l y s u g g e s t . ) S i n c e t h e time t o d i f f u s e a c r o s s t h e s c a l e XO -6 /~e~/~, is of t h e o r d e r (6/Au) S C / R~' /~, a t high Re t h e molecules i n t h e l a y e r s i n t e r d i f f u s e i n a time t h a t is s h o r t compared t o t h e cascade time, ~/ A u , t o form what is c a l l e d i n t h e model, t h e homogeneous mixture. Because t h e l a y e r s i n a given s t r u c t u r e have been d i s t r i b u t e d throughout t h e mixing l a y e r by t h e l a r g e scale motion b e f o r e they merge, w e assume t h a t t h e homogeneous mixture has a c m p o s i t i o n t h a t is n e a r l y independent of t h e l a t e r a l 
This d e s c r i p t i o n of t h e flow, i n v o l v i n g a s it does t h e motion of l a r g e s c a l e f l u i d elements, p i c t u r e s t h e flow t o be unsteady a t s p a t i a l
and temporal s c a l e s 6 and 6/Au. Evidence f o r such u n s t e a d i n e s s is c l e a r i n t h e temperature-time t r a c e s i n Ref.
1. I n t h e f u r t h e r development of t h e model, however, we w i l l b e concerned only with mean v a l u e s and w i l l put t h e i d e a s , which were most n a t u r a l l y d e s c r i b e d i n Lagrangian terms, i n t o E u l e r i a n form.
The i d e a s presented above can be summarized and c l a r i f i e d with t h e h e i p of t h e diagram i n Fig. 1 which is intended t o r e p r e s e n t t h e t h r e e f l u i d states i n t h e s h e a r l a y e r and t o show t h e sequence by which f l u i d elements pass from one t o t h e o t h e r . Also i n d i c a t e d e x p l i c i t l y is t h e presence of unmixed f l u i d w i t h i n t h e l a y e r . The v t s are volume f l u x e s per u n i t l e n g t h i n t o t h e v a r i o u s states, with Vl and v2 t h e f l u x e s from
t h e high and low speed s t r e a m s i n t o t h e l a y e r . (The entrainment r a t i o ,
Idhen t h e molecular d i f f u s i o n c o e f f i c i e n t s of the c o n t i t u e n t s a r e e q u a l , t h e flame s h e e t s c o n s i s t of e q u a l volumes from t h e two streams.
The excess high speed f l u i d , t h e r e f o r e , becomes p a r t of t h e homogeneous mixture, d i r e c t l y , a t t h e end o f t h e cascade.
The homogeneous mixture volume f l u x i n c r e a s e s with a x i a l d i s t a n c e x by t h e a d d i t i o n of a volume f l u x per u n i t l e n g t h , vh, t h e sum of t h e flame sheet f l u x , vf and of h i g h speed f l u i
d , vd. I t is easy t o show t h a t Vh is made up of vd and vf i n t h e p r o p o r t i o n s
The justifications for the assumption that vh is a constant independent of Re (to be determined, implicitly, by experiment as shown it is wrongly stated that these properties are in equilibrium with the strain at the small scales.)
Model Formulation I n t h e experiments t o be d i s c u s s e d , t h e amount of product i n t h e
s h e a r l a y e r is c h a r a c t e r i z e d by t h e "product t h i c k n e s s v , 6 p , d e f i n e d a t a p a r t i c u l a r a x i a l measuring s t a t i o n by where Cp is t h e molar product c o n c e n t r a t i o n and C, is t h e r e a c t a n t c o n c e n t r a t i o n i n one o f t h e streams, h e r e taken t o be t h e low speed f l u o r i n e b e a r i n g stream.
Following t h e d i s c u s s i o n above, the c o n t r i b u t i o n s of t h e flame s h e e t s and t h e homogeneous mixture a r e
considered s e p a r a t e l y as follows:
where and ( C p ) f denote t h e homogeneous mixture and average flame sheet product c o n c e n t r a t i o n s , i n moles per u n i t volume -of homogeneously mixed f l u i d and o f flame s h e e t f l u i d , r e s p e c t i v e l y . The f r a c t i o n a l ------volume of homogeneously mixed f l u i d is denoted by a ( x , y ) and t h a t of t h e flame s h e e t by L * S where R is t h e s h e e t t h i c k n e s s .
As a l r e a d y noted, ( C p I h is independent of y a t f i x e d x and a(x,y) = a ( n ) , where q = y/b and 6 is the shear l a y e r t h i c k n e s s , h e r e . taken t o be d i s t a n c e between t h e one percent of maximum of t h e product p r o f i l e s . The homogeneous mixture term can, consequently, be w r i t t e n '+m J-w C a r r i e r , F e n d e l l , and ~a r b l e " show t h a t R = a ( D /~l ' /~ where a i s a Observe t h a t A and B have t o do only w i t h t h e molecular mixing; a l l t h e chemical k i n e t i c e f f e c t s appear i n ( C p ) h and ( C p ) f . S t r i c t l y , A and 5 must be determined f o r each f r e e stream v e l o c i t y and d e n s i t y r a t i o . I t is l i k e l y , however, from t h e arguments l e a d i n g t o t h e model, t h a t t h e y a r e weak f u n c t i o n s of t h e s e v a r i a b l e s . 
E I
In the same limit,
The product concentration, (Cp)f, is obtained from the Control volume concentration equation which becomes, using Eq. ( 1 4 ) and ( 1 5 ) ,
I a r e s u l t c o n s i s t e n t with t h e requirement t h a t To c m p a r e t h e s e r e s u l t s with t h e exact s o l u t i o n of Ref. 1 1 , note f i r s t t h a t s i n c e ! . = a (~/ E ) l /~, t h e amount of product per u n i t flame
s h e e t a r e a , K P = ( C p ) f .!. is, from Eq. (16) with k + -, given by
The exact s o l u t i o n is where A = erf-' (0+1) . Thus t h e dependence on t h e parameter ( D / E ) is (4-1 t h e same i n t h e two expressions.
For small k , Eq. (16) reduces t o a r e s u l t i n agreement with the a n a l y s i s of Norton".
In summary, Eqs. (15) and (16) 
caused by t h e consumption of F2 i n t h e chemical r e a c t i o n and t h e a d d i t i o n from t h e flame s h e e t s . Using Eq.
( 1 9 ) and (201, we f i n d ,
The approximation used i n t h e flame s h e e t a n a l y s i s , i . e
. , t h a t t h e hydrogen d e p l e t i o n by chemical r e a c t i o n can be n e g l e c t e d is i n t r o d u c t e d
n e x t . With ( C H ) f = (cH)-/2, ~q .
(24) y i e l d s
The hydrogen from t h e f r e e s t r e a m is a g a i n simply d i l u t e d i n t h e homogeneous mixture by the low speed free stream fluid.
With this result Eq. (23) becomes where x* = k (CHI x/u.
Since E = hu/&, in which AU is simply related to u and 6 = 0.16x,
*
Eq. ( 1 4 ) shows that (c,)~, also, is a function of x only.
Equation (26) It is helpful to note that when x/; is replaced by t in Eqs. (23) and (24), they become equations describing exactly the fluorine and hydrogen concentrations in a homogeneous (ie., well-stirred) reactor to which streams of flame sheet and free stream fluid are being steadily added. W e have, a g a i n using Eqs. ( 2 6 ) . (27) and ( 1 6 
. Comparison of Theory

S u b s t i t u t i o n of t h e s e values i n t o Eq. (10) shows t h a t t h e product
i n t h e gas a t t h i s Reynolds number is almost e q u a l l y divided between t h e homogeneous mixture and t h e flame s h e e t s .
The e x p r e s s i o n f o r f i n i t e chemical r e a c t i o n r a t e i s , t h e r e f o r e ,
where Sc has been put equal t o u n i t y and the q u a n t i t i e s (Cp)h/Cm and
a r e t o be found from Eqs. ( 2 6 ) . (27) and ( 1 6 ) . Figure 4 compares t h e a n a l y t i c a l and experimentai r e s u l t s .
I t shows t h e normalized product thickness a t t h e measuring s t a t i o n i n terms of t h e
DamkOhler number Da, where Da = k CH s/ii and 3 is t h e d i s t a n c e between m t h e measuring s t a t i o n , x = 47.7 cm, and t h e l o c a t i o n of t h e shear l a y e r t r a n s i t i o n t o f u l l y developed turbulence, x = 15 cm. The c o n t r i b u t i o n s of t h e homogeneous zones and the flame s h e e t s i n d i c a t e d s e p a r a t e l y , show t h a t i n c o n t r a s t t o t h e homogeneous mixture, t h e product concentration i n t h e flame s h e e t approaches its asymptotic value slowly: even a t Da -60, t h e r e a c t i o n . is not q u i t e mixing-limited. While, as can be 
VII. Concluding Remarks
We conclude with a tentative explanation of the data in Fig. 7 of Ref. 1 showing that the slope of the ramps in the temperature-time traces within the structures at high chemical reaction rate decreases as the rate is lowered becoming nearly zero at the lowest rate.
Simultaneously, the asymmetry in the time-mean temperature profile disappears: Fig. 3a , Ref. In the model, the sheets are formed between pure fluids from the two streams, consequently their composition is the same everywhere.
This over-simplification must, therefore, be dropped if the observations described above are to be explained by reference to the flame sheet composition. The required generalization is that the newly entrained fluids form mixing layers not only between themselves but with the homogeneous fluid. Mungal and Dimotakisg suggest such a generalization.
After reviewing the evidence that high speed fluid enters the structures along their high speed and downstream boundaries and the low speed fluid along the low speed and upstream edges, they propose that the two streams mix, to some degree, with the homogeneous fluid as they enter.
The resulting flame sheet compositions are such as to explain the observed ramp and mean profile characteristics.
These ideas may be stated another way: at finite Reynolds number, mean product profiles are symmetric and there are no ramps when the molecular mixing is delayed, i.e., does not occur in the flame sheets.
In gases, this can be the consequence of a low reaction rate; in liquids, slow molecular diffusion is the cause. 
